Abstract. Increasing evidence suggests that the alteration of global histone H4K16 acetylation (H4K16ac) may be involved in several types of cancer. It is known that the global histone H4K16ac level in cells is controlled by several enzymes including histone acetyltransferases (HATs) and histone deacetylases (HDACs). We report in detail which particular enzyme is responsible for global reduction of histone H4K16ac in gastric cancer. Our study included 156 frozen tissue samples of primary diagnosed gastric cancer tissues and matched adjacent or normal tissues, and the gastric cancer cells SGC-7901 and MGC-803. The reverse transcription polymerase chain reaction (RT-PCR), western blot, transient transfection and siRNA knockdown approaches were used. Statistical analysis of the qRT-PCR data revealed that a significant reduction (>2-fold decreased) of hMOF expression in gastric cancer tissues in 81% (42/52) of patients. In patients with gastric cancer, downregulation of hMOF was connected to gastric cancer and tissues with pT2-T4 tumor status, lymph node metastasis and distant metastasis. Overall survival rates revealed a significant difference between the low-and high-hMOF expression groups. However, there was no significant difference by age, gender and cell differentiation. In SGC-7901 and MGC-803 gastric cancer cells, as expected, low expression of hMOF and decreased global histone H4K16ac were observed. Although we did not obtained a statistically significant high-level of HDAC4 in tumor tissues, increased HDAC4 in both gastric cancer cell lines was detected. Therefore, overexpression of hMOF and knockdown of HDAC4 experiments were carried out to investigate the potential coordinating role between hMOF and HDAC4 on global histone H4K16ac in gastric cancer. Overexpression of hMOF increased global H4K16ac in cells, however, no obvious increase of global H4K16ac in HDAC4 knockdown MGC-803 cells was observed. Histone acetyltransferase hMOF and global histone H4K16ac status might be involved in gastric cancer tumorigenic pathways. hMOF, but not HDAC4, is mainly responsible for global histone H4K16ac acetylation in gastric cancer cells.
Introduction
Histone translational modification via heritably regulating the gene expression is involved in most cellular biological processes. Studies have suggested that imbalance of global histone modification in cells may play a key role in initiating events in some forms of cancer. Therefore, efforts have been made to understand the role of global changes of epigenetic modifications in the initiation and propagation of various cancers (1, 2) . Histone acetylation as the well-characterized epigenetic modifications is dynamically controlled by histone acetyltransferases (HATs) and histone deacetylases (HDACs) (3, 4) . For instance, global loss of histone H4K16 acetylation (H4K16ac) and histone H4K20 tri-metylation as a hallmark of several human cancers have been reported (5) .
Recently, increasing evidence has suggested that the alteration of global histone H4K16ac may be closely associated with the occurrence of tumors. Even though the global histone H4K16ac may regulated by several enzymes including HATs and HDACs (6) (7) (8) , experimental studies have clarified that the changes of global H4K16ac is tightly correlated with the expression of hMOF, a member of the MYST family of HATs, in human cells (9) (10) (11) . Depletion of hMOF in cells not only leads to global reduction of histone H4K16ac, but also results in genomic instability, reduced transcription of certain genes, defective DNA damage repair and early embryonic lethality (12) (13) (14) , suggesting the importance of acetylation of H4K16 in cells.
On the contrary, abnormal gene expression of the hMOF and its corresponding modification of H4K16 have been found (15, 16) , frequent downregulation of hMOF expression was found in breast cancer, medulloblastoma, renal cell carcinoma (RCC), ovariant carcinoma and colorectal cancer tissues (17) (18) (19) (20) , hMOF protein expression is tightly correlated with acetylation of histone H4K16, and the above observations strongly suggest that histone acetyltransferase hMOF and its corresponding histone H4K16ac might be involved in certain tumorigenic pathways. Gastric cancer is the fourth most frequently occurring cancer worldwide and the second most common cause of cancer deaths in the world (21) . Although the mechanisms by which imbalance of histone modifications contribute to tumorigenesis and metastasis have been intensively investigated in several types of cancer, studies of the alterations of histone modifications in gastric cancer are rare (22) . Previously, we detected low-hMOF expression in a limited number of gastric cancer tissues (16 cases) (20) . Here the 156 tissue samples including primary diagnosed gastric cancer and matched adjacent or normal tissues from the same patients were analyzed by qRT-PCR and western blotting to further confirm our previous observation and to investigate the correlation of low expression of hMOF compared with clinicopathological features of gastric cancer. It is noteworthy that except for the hMOF, several enzymes shch as SIRT1 and HDAC2 deacetyltransferases are also involved in H4K16 acetylation process (6) (7) (8) . Therefore, to clarify which particular enzyme is responsible for global reduction of histone H4K16ac in gastric cancer, we also evaluated the HDACs expression in gastric cancer tissues and gastric cancer cell lines. Using overexpression and siRNA knockdown approaches, the relationship between hMOF and HDACs was analyzed in MGC-803 gastric cancer cells.
Materials and methods
Tissue collection. One hundred and fifty-six tissue samples including 52 primary diagnosed gastric cancer, paired 52 adjacent and paired 52 normal tissues from the same patients were collected. All patients underwent radical surgery between September 2008 and July 2013 at The First Bethune Hospital of Jilin University (Jilin, China) and did not receive any adjuvant therapy before the surgical operation. Gastric cancer and corresponding adjacent (<2 cm away from the tumor area) and normal tissues (>5 cm away from the tumor area) were collected from patients. The median age of the patients was 64 years (range, 44-84 years). Written informed consent was obtained from all participants, and the study was approved by the Institutional Ethics Board of School of Medicine, Jilin University. Patient medical records including patient age and gender, tumor staging, pathological diagnosis, and surgical records were reviewed. Tumors were staged according to the 2010 TNM classification system using the American Joint Committee on Cancer (AJCC) stage grouping (23) .
Antibodies. Anti-H4K16ac (H9164) and anti-M2 Flag antibodies was obtained from Sigma (USA). Anti-hMOF rabbit polyclonal antibody was from Bethyl Laboratories (A300-992A, USA). Anti-H4K5 (07-327), anti-H4K8 (07-328) and anti-H4K12 (07-595) antibodies were purchased from Merck Millipore (Darmstadt, Germany). Anti-HDAC1 (10197-1-AP), anti-HDAC2 (12922-3-AP), anti-HDAC4 (17449-1-AP), anti-HDAC6 (12834-1-AP) and SIRT1 (13161-1-AP) polyclonal antibodies were from Proteintech Group (China, Wuhan). Anti-GAPDH rabbit polyclonal antibodies were raised against bacterially expressed proteins (Jilin University).
Reverse transcription and quantitative real-time PCR (qRT-PCR).
Total RNA from tissues (include tumor, adjacent or normal tissues) or cultured cells (include GES-1, SGC-7901 and MGC-803 cell lines) was isolated using TRIzol ® LS Reagent (Invitrogen, Carlsbad, CA, USA). Total RNA (1 µg) from each sample was used as a template to produce cDNA with PrimeScript First-strand cDNA Synthesis kit (Takara). hMOF, HDACs and Actin mRNA levels were analyzed by quantitative real-time PCR (qPCR) with an Eco Real-Time PCR System (Illumina, San Diego, CA, USA). All PCR reactions were finished as follows: initial denaturation step at 95˚C for 30 sec, followed by 40 cycles of denaturation at 95˚C for 5 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 30 sec. Primer sets used for PCR were as follows: β-actin, 5'-ATGGGTCAGAAGGATTCCTATGT-3' (forward) and 5'-AGCCACACGCAGCTCATT-3' (reverse) produce a 153 bp product; hMOF, 5'-GGCTGGACGAGTGGGTAGACAA-3' (forward) and 5'-TGGTGATCGCCTCATGCTCCTT-3' (reverse), yielding a 227 bp product; HDAC1, 5'-CCGCA TGACTCATAATTTGCTG-3' (forward) and 5'-ATTGGCT TTGTGAGGGCGATA-3' (reverse), yielding a 76 bp product; HDAC2, 5'-GAGCTGTGAAGTTAAACCGACA-3' (forward) and 5'-ACCGTCATTACACGATCTGTTG-3' (reverse), yielding a 229 bp products; HDAC4, 5'-GGCCCACCG GAATCTGAAC-3' (forword) and 5'-GAACTCTGGTCA AGGGAACTG-3' (reverse), yielding a 87 bp product; HDAC5, 5'-TGA ACCCA AC T TGA A AGTG CG -3' (for wa rd), 5'-CGCTGTTACACACGGACGA-3' (forward), yielding a 164 bp product; HDAC6, 5'-GAGGGAGAACTCCGTGT CCTA-3' (forward) and 5'-AATAGCCATCCATAAGACTG TGC-3' (reverse), yielding a 196 bp product; HDAC9, 5'-GAA TCCTCAGTCAGTAGCAGTTC-3' (forward), 5'-GGGGC AAAACCGAAGTCTCAT-3' (reverse), yielding a 100 bp product; HDAC10, 5'-CAGTTCGACGCCATCTACTTC-3' (forward), 5'-CAAGCCCATTTTGCACAGCTC-3' (reverse), yielding a 115 bp product; HDAC11, 5'-ACCCAGACAGGAGG AACCATA-3' (forward), 5'-TGATGTCCGCATAGGCAC AG-3' (reverse), yielding a 130 bp product.
Cell culture and transient transfection. Human gastric cancer cell lines SGC-7901 and MGC-803, were obtained from Department of Gastrointestinal Surgery, the First Bethune Hospital of Jilin University. Human gastric mucosal cell line GES-1 was provided by the Cancer Hospital of Beijing University. Cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA) with 5% glucose and 10% fetal bovine serum (FBS), 100 U/ml penicillin, and 100 mg/ml streptomycin in 10-cm dishes at 37˚C in a humidified atmosphere of 5% CO 2 . For transient transfection, cells were cultured in 6-well tissue culture plates (~2x10 5 cells/well) in DMEM medium containing 10% fetal bovine serum. Then cells were transfected with 0.3 and 0.6 µg of hMOF cDNAs using polyethylenimine (PEI). After 48 h of transfection, cells were harvested and lysed for western blotting.
RNAi treatment. Gastric cancer MGC-803 cells were cultured in 6-well tissue culture plates (~2x10 5 cells/well) in DMEM medium (Sigma) containing 10% fetal bovine serum. The cells were transiently transfected with 10~20 pmol HDAC4 siRNAs (Lot no. 2837) SMART pool (Shanghai GenePharma, China) using Lipofetamine RNAiMAx transfection kit (Invitrogen, Cat#: 864425) following the manufacturer's instructions. Forty-eight hours after siRNA transfection, cells were harvested and lysed. Whole-cell extracts were prepared by adding 4x SDS sample buffer, and total RNA was isolated using TRIzol LS Reagent (Invitrogen).
Western blotting. The homogenate from cancer, adjacent or normal tissue samples were prepared as previously described (19) . Briefly, the tissue homogenate was swirled and kept on ice for 30 min. Whole cell extract was then prepared by sonication (Scientz-IID, China) for 10 sec with 50% duty cycle and centrifugation at 12,000 rpm for 15 min. The total protein concentration of the resulting supernatant was measured using the Bio-Rad Protein Assay kit (500-0201). Relative equal total amounts of proteins from tissue whole-cell lysate were separated by 12% SDS-PAGE. hMOF and GAPDH proteins were detected by immunoblotting using hMOF and GAPDH polyclonal antibodies. Whole-cell lysate from cultured cells was mixed with 4x SDS loading buffer (0.25 M Tris-HCl pH 6.8, 8% SDS, 30% glycerol, 0.02% Bromophenol Blue containing 10% BME), and boiled for 5 min at 95˚C. Denatured proteins were then separated by 12 or 18% SDS-PAGE, and specific proteins were detected by western blotting using indicated antibodies.
Immunofluorescence staining. Human gastric mucosal cell line GES-1, SGC-7901 and MGC-803 gastric cancer cells were cultured and grown to ~60% confluence in 24-well plates containing a cover-slip (8D1007, Nest) on each well. Cells were washed by PBS buffer, and then fixed with 4% paraformaldehyde (PFA) for 15 min at room temperature, permeabilized with 0.5% Tritonx-100 in PBS buffer for 5 min, followed by blocking with 1% bovine serum albumin in PBS for 1 h at 37˚C. Sequentially, cells were washed for 5 min in PBST three times, and incubated with hMOF (1:500), HDAC4 (1:200) and histone H4K16 (1:100) acetylated primary antibodies at room temperature then stained with FITC-conjugated secondary antibodies (1:300, Santa Cruz sc-2012). Cell nuclei were stained by Vectashield with DAPI (Vecter Laboraries, Inc., cat#: H-1200). Fluorescence images were observed with Olympus Bx40F Microscope (Olympus Corp.).
Statistical analysis. Statistical analysis was achieved using GraphPad Prism 5 (TurnTech, Beijing, China). qRT-PCR values are presented as the mean ± SEM. Statistically significant differences in gene expression between tumor and normal/or adjacent tissues were determined by Mann-Whitney U test. The log-rank test was used to analyze the survival results. Values of P<0.05 were considered to be statistically significant.
Results

Obvious reduction of hMOF gene expression is observed in gastric cancer tissues.
In our previous screening experiments (16 cases), we found the gene expression of hMOF was not only significantly reduced (94%, 15/16) in gastric cancer, the decreasing tendency was also observed in adjacent tissues (20) . To further investigate the involvement of hMOF expression in the pathogenesis of primary gastric cancer, we collected 156 tissue samples including 52 primary diagnosed gastric cancer, and 52 matched adjacent and normal tissues from the same patients (Fig. 1C) . The hMOF expression levels were measured using qRT-PCR. Analysis of the qPCR data revealed a significant (>2-fold decreased) downregulation of hMOF mRNA in 81% (42/52) of patients, whereas only 2% (1/52) of patients showed significant (>2-fold increased) upregulation of hMOF. Of note, hMOF expression in adjacent tissues had also a reduction (>2-fold decreased) in 25% (13/52) of patients (Fig. 1A) . These results are consistent with our previous findings. As shown in Fig. 1B , compared to matched normal or adjacent tissues, the gene expression of hMOF was significantly decreased in gastric cancer tissues (p<0.001 and p<0.001, respectively). To determine whether the reduction of hMOF mRNA expression resulted in decreased hMOF protein levels, aliquots of whole cell extract from three selected gastric cancer and corresponding adjacent or normal tissues were analyzed by western blotting (Fig. 1D ). As expected, the hMOF protein levels in cancer tissue decreased to 50% of those in normal tissues. However, there was no difference between gastric cancer and adjacent tissues (Fig. 1E) .
hMOF gene expression and clinicopathological features of gastric cancer. Gastric tumors were staged according to the 2010 TNM classification system using American Joint Committee on Cancer (AJCC) stage grouping (23) . To expand upon the observations given above and to determine the relationship between hMOF expression and clinicopathological parameters, qPCR results were examined according to the clinical characteristics of gastric cancer. A summary of patient clinical characteristics, including age, gender, cell differentiation, and survival, is shown in Table I . Less hMOF expression was observed in cancer tissues than in both normal and adjacent tissues in both the >65 and ≤65 age groups, and Mann-Whitney U test was performed to compare the difference between cancerous and normal/or adjacent tissues. The significant differences between cancer and normal tissues are expressed as *** p<0.001, and significant differences between cancer and adjacent tissues are expressed as ### p<0.001. (D) Declined hMOF protein levels in selected gastric cancer tissues. Whole-cell extract was prepared from 3 selected cases, and equivalent total protein of whole cell extract was subjected to 12% of SDS-PAGE. Proteins were detected with western blotting with anti-hMOF and GAPDH antibodies. (E) Percentage of hMOF protein reduction. Western blot images were quantified using Quantity One software (Bio-Rad). Y-axis displays the percentage of hMOF protein reduction compared to normal tissues.
in both the male and female groups. However, there was no significant difference by age, gender, cell differentiation, or survival time.
More detailed statistical analyses were performed in order to further explore the correlation between hMOF expression and clinical features. Analysis of the pathologic stage showed significantly low levels of hMOF expression in pT2-to pT4-stage gastric cancer than in normal (p<0.05 or p<0.01) or adjacent (p<0.05) tissues (Fig. 2B) . A >2-fold reduction of hMOF mRNA was found in 88% (7/8) of pT2, 95% (21/22) of pT3, 67% (8/12) of pT4 ( Fig. 2A) . In addition, there was markedly less (>2-fold) hMOF mRNA in cancer tissues than in normal tissues in 67% (8/12) of clinical stage I, in 100% (6/6) of stage II, in 92% (22/24) of stage III and 70% (7/10) of stage IV. Notably, lower expression of hMOF (>2-fold) than in adjacent tissues were also observed in 8% (1/12) of stage I, in 33% (2/6) of stage II, in 29% (7/24) of stage III and 20% (2/10) of stage IV, respectively ( Fig. 2C and D) . Statistical analysis for clinical staging (data not shown), revealed significantly less hMOF mRNA in normal tissues, observed only in stage II (n=6, p<0.05) and stage III gastric cancers (n=24, p<0.05). qPCR data were also analyzed based on adjacent lymph node metastasis (N0-N3) and distant metastasis. To our surprise, the hMOF expression in patients with distant metastasis was higher than those in patients without distant metastasis. Statistically significant difference between with or without metastasis groups appeared in all tissues including normal, adjacent and cancer (p<0.01, p<0.05 and p<0.001, respectively) (Fig. 3A) . A significant downregulation of hMOF mRNA in N2 (p<0.05) and N3 (p<0.05) of lymph node metastasis groups was observed (Fig. 3B) . Furthermore, overall survival rates are shown in Fig. 3C . A significant difference was found between the two hMOF expression groups (p<0.05). Low levels (>2-fold) of hMOF mRNA expression were observed in patients who survived for both less (27%, 8/30) and more (18%, 4/22) than one year. Of all patients evaluated here, 58% survived less than one year (Fig. 3D) .
HDAC4 expression patterns in gastric cancer. HDAC4 has been identified in specific cell line and tissues. Recently studies were published, which showed high-level of HDAC4 in SGC-7901 gastric cancer cells and frequent high expres- sion of HDAC4 in gastric cancer tissues (24) . To explore the relationship between HDAC4 expression and clinicopathological parameters, we collected 96 tissue samples including corresponding cancer tissue, adjacent tissue and normal tissue from the same patients, and measured gene expression of HDAC4 using qRT-PCR. A summary of patient clinical characteristics is shown in Table II . The number of cases may be limiting as we did not detect an obvious increase of HDAC4 in gastric cancer tissues (p>0.05), on the contrary, there was a decreasing tendency.
The HDAC4 expression patterns are shown in Fig. 4A , there are wide individual differences. Compared to normal tissues, high expression of HDAC4 (>2-fold) was found in 38% (12/32) of adjacent tissues and in 34% (11/32) of cancer tissues. Conversely, low expression of HDAC4 was also observed in 28% (9/32) of adjacent tissues and in 38% (12/32) of cancer tissues, while <2-fold change of HDAC4 expression in adjacent and cancer tissues were 34 and 28%, respectively (Fig. 4B) . The analysis of the expression levels of the hMOF and HDAC4 from the same patient clearly shows there was no remarkable correlation between high level of HDAC4 and low expression of hMOF in gastric cancer tissues. Among the patients with low expression level of hMOF (>2-fold decrease, n=26), only 42% (11/26) of patients were accompanied with high expression of HDAC4 (>2-fold increase) (Fig. 4C) . In addition, the overall survival rates as shown in Fig. 4D , did not indicate significant difference between the two HDAC4 expression groups (p=0.242).
Relationship between low expression of hMOF and high level of HDAC4 in gastric cancer cells. In order to further assess the correlation between hMOF and HDAC4 in gastric cancer, experiments were further performed using gastric cancer cell lines. Fig. 5A shows the relative mRNA levels of hMOF and indicated HDACs in gastric mucosal cell line GES-1 and two gastric cancer cell lines including SGC-7901 and MGC-803. Compared to GES-1 cells, higher mRNA levels of HDAC4, HDAC5 and HDAC6 were observed in both gastric cancer cell lines. Protein expression levels of hMOF and HDAC4, and the specific global lysine residue acetylation on histone H4 were also evaluated in gastric cancer cells by western blotting. As expected, declined hMOF protein level was detected in both gastric cancer cell lines and the global histone H4K16ac was tightly correlated with hMOF protein levels ( Fig. 5B and C) . High expression of HDAC4 was also confirmed by qPCR, western blotting and immunofluorescence. Our DNA microarray data show that HDAC4 is transcriptionally regulated by hMOF. Depletion of hMOF with siRNAs in HeLa cells leads to upregulation of HDAC4 (data not shown). To determine whether HDAC4 expression was regulated by hMOF in gastric cancer cells, MGC-803 cells were transiently transfected with 0.3 and 0.6 µg of hMOF cDNAs. The efficiency of transfection was confirmed by qRT-PCR and western blotting ( Fig. 6A and C) . A dose-dependent increase of mRNA and protein expression of hMOF was verified. However, the relative mRNA expression of HDACs including HDAC4 was not increased along with the amount of hMOF (Fig. 6B) . On the other hand, western blot analysis revealed no dramatic changes in protein levels for HDAC1/2/6 and SIRT1. Moreover, increased HDAC4 protein level was not reversed in MGC-803 gastric cells (Fig. 6C) . In addition, to evaluate whether global histone H4K16ac is affected by HDAC4, MGC-803 cells were then knocked down with HDAC4 siRNA. The efficiency of HDAC4 knockdown was analyzed by qRT-PCR (Fig. 6D ) and western blotting (Fig. 6E) . However, low-status of global histone H4K16ac in MGC-803 cells did not exhibit obvious improvement by knocking down HDAC4. Global H4K5ac and H4K8ac were also slightly decreased. Quantified proteins are shown in Fig. 6F .
Discussion
Global histone modification status in cells is dynamically regulated by chromatin modifying enzymes that add and remove covalent modifications to histone proteins. Any factor that creates an imbalance can lead to abnormal global histone modification in cells, and further cause cell dysfunction, even cancer. Recently, increasing evidence suggests that chromatin modifying enzymes including HATs and HDACs may participate in initiating events in forms of some cancers. For example, histone acetyltransferases such as EP300 (p300) and KAT6A (MOZ), and histone deacetylases such as HDAC1 and HDAC2 have been shown to be implicated in certain tumor types (25) (26) (27) .
hMOF (MYST1), a member of the MYST family of histone acetyltransferases (HATs), is the human ortholog of Drosophila male absent on the first (MOF) protein (28) . Frequent downregulation of hMOF has been detected in several types of tumor tissues including breast cancer, medulloblastoma, renal cell carcinoma, ovariant cancer and colorectal cancer (17) (18) (19) (20) . Our previous screening experimental data exhibit the low expression tendency of hMOF in gastric cancer tissues (16 cases) (20) . In this study, using a large number of gastric carcinoma tissue samples, we expanded our previous research and elucidated the downregulation of hMOF in gastric cancer tissues (Fig. 1 ). Significant (>2-fold decreased) downregulation of hMOF mRNA was observed in 81% (42/52) of patients with gastric cancer. Overall survival rates presented a significant difference between the two hMOF expression groups (Fig. 3C) .
Taken together, downregulation of hMOF might closely correlate with the occurrence and prognosis of gastric cancer. It is noteworthy that the abnormal expression of hMOF had already appeared in adjacent tissues (<2 cm away from the cancer area). Compared to matched normal tissues, although no statistically significant difference was found between adjacent and normal tissues, decreased expression of hMOF (>2-fold) in adjacent tissues had already emerged in 25% (13/52) of patients with gastric cancer. These findings are consistent with previous study. A comprehensive analysis of the correlation between low expression of hMOF and the clinicopathological features of gastric cancer revealed that significant loss of hMOF is tightly associated with the pathological stage (p<0.05 in samples of pT2-pT4 stage), clinical stage (p<0.05 in stage II-III) and lymph node metastasis (p<0.05 in N2 and N3) (Figs. 2 and 3B ). A and B) . While the whole cell lysate was prepared to perform western blot analysis (C). Impact of HDAC4 knockdown on hMOF expression in gastric cancer cells. MGC-803 cells were transfected with HDAC4 siRNAs (non-targeting siRNA as control). Forty-eight hours after transfection, cells were lysed and total RNA or WCE were prepared for qRT-PCR (D) and western blot analysis (E). Specific proteins or specific residue modification on histone H4 were detected with western blotting using the indicated antibodies. Quantified proteins (Quantity One software) are shown in (F).
To be clear, higher expression of hMOF in cancer and matched adjacent or normal tissues was found in patients with distant metastasis, and a statistically significant difference between groups with or without distant metastasis was achieved (p<0.01 for normal; p<0.05 for adjacent and p<0.001 for cancer) (Fig. 3A) . We have no perfect way to explain this result, and more tissue samples and further in-depth investigation is required. However, there was no significant difference by age, gender, cell differentiation or survival time.
On the contrary, low level of hMOF protein was detected in both cancer tissues and gastric cancer cell lines (Figs. 1D and 5B and C). In either case, hMOF protein expression tightly correlated with acetylation of histone H4K16ac. Except for histone H4K16ac, there was no obvious alteration in global acetylation status on histone H4 at K5, K8 and K12 (Fig. 5B) . Considering that global histone H4K16ac in cells is also regulated by other enzymes such as HDACs (29, 30) , mRNA and protein expression levels of HDACs were evaluated by qRT-PCR and western blotting in gastric cancer cells.
Among the detected HDACs, in HDAC4 and HDAC6, especially high protein expression of HDAC4 was detected in both SGC-7901 and MGC-803 cells ( Fig. 5B and C) . These results are consistent with the report by Kang et al that HDAC4 is upregulated in several gastric cancer cell lines including BGC-823 and SGC-7901 (24) . However, in our study, no significant upregulation of HDAC4 was obtained in gastric cancer tissues (Fig. 4) . This may be due to the limited number of tissue samples. Given the low expression of hMOF and high-level of HDAC4 in both SGC-7901 and MGC-803 gastric cancer cells, overexpression of hMOF in MGC-803 cells was carried out to evaluate whether the reduction of global H4K16ac in gastric cancer cells is coordinately regulated by hMOF and HDAC4. As expected, overexpression of hMOF increased global H4K16ac in gastric cancer cells (Fig. 6C) . However, there was no clear increase of histone H4K16ac in the knockdown HDAC4 MGC-803 gastric cancer cells (Fig. 6E and F) . These results suggest that hMOF, but not HDAC4, is mainly responsible for global histone H4K16ac in MGC-803 gastric cancer cells.
In summary, downregulation of hMOF was detected in gastric cancer tissues and gastric cancer cells. Declined hMOF expression, but not high level of HDAC4, may account for global histone H4K16ac in gastric cancer cells. Our results suggest that the molecular mechanism linking loss of hMOF expression may be involved in gastric cancer progression.
